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By combining sodium dodecyl sulfate (SDS)-ge! electrophoresis with a new
chilling technique for visualization of protein— SDS complexes in polyacrylamide
gels, a process has been developed which will permit the isolation of milligram
quantities of pure polypeptides. Using this technique, we have isolated two
mol~-ular weight classes of polypeptides from coconut storage globulins and
de'_ mined the amino acid composition of each. When the two amino acid com-
pos.tions were summed on a molar basis, the result agreed reasonably well with
the amino acid composition of the starting material with the exception of
cystine. Apparently, some contaminant from the polyacrylamide caused its de-
struction to be accelerated during hydrolysis.

Since the introduction of electrophoresis of proteins after denaturation
with sodium dodecyl sulfate (SDS) (1), the technique has been recogs,
nized as a powerful analytical tool and is used extensively to deter
mine the molecular weight of polypeptides (2,3). Denaturation "‘n'nd
wrapping of a protein with SDS, while often necessary when worl'iiIHS .
with proteins insoluble in dilute buffers, severely limits the possibilines
for further fractionation. Two possibilities are hydroxylapatite chromatoge
raphy (4) and procedures which fractionate on the basis of size S.UCh L
gel permeation chromatography and gel electrophoresis. The bxgh e
solving power of gel electrophoresis makes the technique attractive as '-‘
preparative procedure. Disadvantages of the technique are low capacHty g
and a problem of removing ultraviolet-absorbing, nondialyzable cob
taminants from the acrylamide extracts.

Previous attempts at preparative electrophoresis (5) h
the isolation of nanomole quantities of pure polypeptide
ficient for characterization studies if microprocedures are
terminal analysis, amino acid analysis, and tryptic mapping A s and
approach (6) is to cut out stained bands from polyany'lam‘fie ge
hydrolyze gel, dye, and protein to determine the amino acl rolysi¥

. : . ) hyd
tion. The very large quantity of ammonia released during

. . . . . / - the
1 To be included as a portion of a dissertation submitted by RWW for 1%
Philosophy degree from Texas A&M University.

2 Author to whom correspondence should be addressed.
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interferes with amino acid analyzers which use ninhydrin. This often
results in spreading of the ammonia peak to a degree which prevents
the quantitation of the adjacent histidine peak. High concentrations of
ammonia will also form a precipitate with ninhydrin and stop the flow
through the heating coils of the amino acid analyzer. In addition,
the presence of gel components during hydrolysis may alter the hydrolysis
rate or cause the destruction of various amino acids.

The techniques described in this paper permit the isolation of milli-
gram quantities of polypeptides which allows many characterization
studies to be conducted without resorting to microprocedures. The protein
is eluted from the gel. Consequently, most of the gel components have
been removed prior to hydrolysis. The technique involves electro-
phoresis on 102 X 3 X 90-mm polyacrylamide slabs, chilling of the slabs to
visualize the protein bands as described previously (7), cutting the bands
from the slab, and extracting the protein—SDS complexes.

MATERIALS

Coconuts were grown in Jamaica and donated by the Texas A&M Food
Protein Research and Development Center. Bromophenol blue and re-
agent grade potassium persulfate were obtained from J. T. Baker
Chemical Co. Acrylamide, N-N'-methylene-bis-acrylamide (Bis), and
\,.Coomassie brilliant blue R-250 were electrophoresis grade from Bjo-
Rad Laboratories. 2-Mercaptoethanol and N,N,N',N "-tetramethylethyl-
enediamine (TEMED) were purchased from Eastman Organic Chemi-
cals. Sodium dodecyl sulfate (SDS) and 4 N methanesulfonic acid with
0.2% 3-(2-amineethyl)-indole were Sequanal grade from Pierce Chemical
Co. Ammonium sulfate was enzyme grade from Schwarz/Mann. Pre-

P&rativg electrophoresis was performed in an Ortec Model 2100 electro-
Phoresis apparatus.

METHODS
P"’Paration of Coconut Storage Proteins

.l.solation of the $2-45-45 coconut isolate is summarized in Fig. 1. The
';(iﬁ ,C(_)Conut endosperm from mature coconuts was first extracted by
Phog i In a Waring Blendor with O.! M NE}CI, pH 7.0, 530 mM sodium
: er[i)fuate .buffer which was 0.02% in sodium azide (buffer A). After
. Amigq egatlon, three layers_ were present: a top layer gf solid coconut fat,
on the ayer gf solvent with dissolved coconut protein, and a prec!p{tate
ext Ottorq, The top two layers were removed, and the precipitate .
lacted in a Waring Blendor with 1.0 M NaCl, pH 7.0, SO mM sodium

hlanpt ate buffer (buffer B). The slurry was centrifuged, and the super-
Was brought to 45¢% saturation with ammonium sulfate. After
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120 gm fresh coconut endosperm mixed in biender with
300ml of 0.1 M NaCl, 50mM sodium phosphate
buffer, pH7.0

Supernatant (Sl) \recigitute

extract with 400ml 1.0 M NaCl,
50 mM sodium phosphate buffer,

pH 7.0
Supernatant ($2) ‘/mi\gnute
45 % saturation with (NH4),S0,4
Supernatant Precipitate (S2- 45)

—~ digssolve in IOOm| 1.OM NaCl, 50mM
sodium phosphate buffer, pH 7.0
— 45% saturationwith (NH,),S0,

Supernatant Precipitate (S2-45-45)

FiG. 1. Isolation of the S-2-45-45 fraction of coconut globulins.

stirring for 2 hr at room temperature. the slurry was centrifuged
and the precipitate redissolved in buffer B. The protein solution was
again brought to 45% saturation with ammonium sulfate. The resulting
precipitate was centrifuged, dissolved in buffer B, and dialyzed for
48 hr against the same buffer at 9°C. This protein isolate was lfxbelcd
$2-45-45 and is the starting material for preparative electrophoresis.

Electrophoresis

The electrophoresis system is essentially the same as that descnblfl
by Weber and Osborn (2) with a few modifications. The $2-45-45 protei
solution was combined with sufficient 10% SDS in water 0 P“’"r"’s
five times as much SDS as protein on a weight basis. The mixture W
immediately placed in a 100°C water bath and incubated fpr 5 f_m“'
was then transferred to a dialysis bag and dialyzed aga‘f‘St dis g
water for 48 hr. The desalted protein solution was freeze-dried .a: 22%
solved in sufficient 10 mM sodium phosphate buffer, pH 7.2.10 g“al) K
protein solution. A portion of this solution was subjected t0 'i:;;s W
SDS electrophoresis, and the molecular weights of the pept!
determined according to the procedure described by Weber ar:i y
(2). The relative proportion of each polypeptide was det?rmmeM
ning the Coomassie blue-stained gel at 650 nm in a Gilford
spectrophotometer.
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The acrylamide gels for preparative work were 7% acrylamide, of
which 3% was Bis (7% T, 3% C). They are prepared by combining
12.5 ml of 28% T, 3% C acrylamide stock solution. 25 ml of gel buffer
(0.2 M sodium phosphate buffer, pH 7.2. 1.05% SDS. 0.04% sodium
azide), 0.075 ml of TEMED, and 10 ml of water. The solution is mixed
well in an ice bath and then 2.5 ml of potassium persulfate solution
(10 mg/ml) is added. The acrylamide solution (25 ml) is delivered into each
of two Ortec slab-gel molds. The acrylamide solution is layered with
sufficient isobutyl alcohol, as described by Neville (8). to provide a
flat interface between the acrylamide and the alcohol. The acrylamide
should polymerize within 10 to 15 min. Then the isobutyl alcohol is
removed and the gel surface is washed with distilled water and layered
with a 1:1 dilution of gel buffer and water. The gels should be allowed to
polymerize for 1 to 2 hr before they are used for electrophoresis. They
may be stored for several weeks at 4°C without noticeable changes
in their electrophoretic properties.

The amount of protein applied to the gel will vary depending upon
the degree of separation of the protein bands of interest. The two pre-
dominant polypeptides in the S2-45-45 coconut isolate are sufficiently
separated to allow 5 mg of protein to be applied to the total surface
area of the gel. The 2% S2-45-45 protein—SDS solution (0.25 ml) is com-
bined with seven to eight crystals of sucrose, 10 ul of a 0.5 solution of
bromophenol blue tracking dye, and 10 ul of 2-mercaptoethanol. The
Solution is incubated for 5 min at 100°C. We have found that it is best
o fill both the upper and lower reservoir buffers of the electrophoresis
apparatus before the protein is applied. The protein solution can then
layered on top of the acrylamide gels with a Pasteur pipet.

Electrophoresis was for 4 to 5 hr with a current of 20 mA/cm? of gel
iurface area (163 mA for the Ortec system) with the anode in the bottom
Yamber. During electrophoresis the upper chamber pH rises rapidly. This
pm!’]em can be controlled by changing the upper electrode buffer twice
'u"f‘g the 3- to 4-hr electrophoresis period. The lower electrode buffer is
?“llngly used for three runs before it is discarded. In preparative
'nz It is important not to mix the upper and lower reservoir buffers
& € charged impurities such as persulfate (9 | 1), which are removed

the ge] during the initial electrophoresis, will be reintroduced into

-‘:q“e'm gels after the buffers are mixed and will possibly cause

tcts In the banding patterns.
e:r electrophoresis, the protein bands can be visualized by chilling
Ng”bed previously (7). The gels are removed from the cast?ng molds
o Sar Cedona glass chromatography plate. They are covered with a layer
rap and chilled overnight at 4°C or for sevezal hours on
The protein bands appear as white opaque areas in the

o Ted ice,
Y may then be removed by cutting the gel with a razor blade.
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Denaturation of protein with 5x SDS, 1% 2-mercapto-
ethanol, incubate 5 min. 100° C

l

Electrophoresis on siabs (102mmx3mmx90mm) *—‘

Visualization of profein bands by chilling
Remove protein band and grind into small pieces

Extract with |0 volumes of 0.01% SDS in HR0

Filter slurry and lyophilize filtrate

Quglitotive analysis by analytical
sDS gel electrophoresis

Quantitative / Store frozen at -10°C

Lowry

et ]

Analysis

Fi. 2. Strategy for isolation of SDS- peptides by preparative electrophoresis.

and the gel containing the desired protein band is macerated by the
action of a glass stirring rod on the side of a beaker containing the
gel. Twenty or more volumes of 0.01% SDS in water are applied, and the
slurry is stirred overnight at room temperature. The slurry 18 ﬁltere'd
through Whatman No. 41 filter paper and then through a 0.45-pm Milli-
pore filter. The supernatant is concentrated by freeze-drying.

The protein extracted from the acrylamide gels was analyzed qu
tively by Weber and Osborn’s procedure of analytical gel electrophorests
(2). Quantitative analysis for protein was by the procedure of Lowry ef @+
(12) after the protein had been precipitated with 10 vol of 107 per-
chloric acid, 1% phosphotungstic acid. &

If the product is not of desired quality, it may be recycled throﬂw
the electrophoresis procedure as shown in Fig. 2. We have peen able
purify proteins which have very similar mobilities with a maximum
cycles of electrophoresis. With the S2-45-45 coconut isolate. ©
cycle of electrophoresis was necessary.

alita-

Amino Acid Analysis

Hydrolysis of the polypeptides was with methanesulfonic ?C(lid
to a modification of the procedure of Liu and Chang )l .
sample containing a minimum of 3.6 mg of protein diss® ve
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Fic. 3. Quantitative scan of S$S2-45-45 coconut isolate. Optical density measured
at 650 nm on a Gilford Model 240 spectrophotome;er.

dialyzed overnight against distilled water. (ii) The protein solution is
removed from the dialysis bag and precipitated by the addition of 10 vol
of acetone. Then it is redissolved in a sufficient quantity of 10% SDS in
Water to give a concentration of 8—15 mg/ml. (iii) A portion of this solu-
tion containing 0.8— 1.5 mg of protein is transferred with a 100-ul Hamilton
syringe to each of three 1-ml ampules. (iv) Sufficient acetone is added to
the ampule to make the total volume 1 ml. The ampule is placed in an ice
bath for 1 hr and then centrifuged in a clinical centrifuge. The white
Protein precipitate packs well on the bottom of the ampule, and the
Supernatant can be removed with a Pasteur pipet. The precipitate is dried
thoroughly over a stream of nitrogen. (v) Methanesulfonic acid (4 N,
0'§ ml) containing 0.2% 3-(2-aminoethyl)-indole is added to the ampule.
(V}) The ampule is alternately evacuated with a water aspirator and flushed
With nitrogen. This is continued for four or five cycles. Finally, the
~ Mpule is evacuated for 10 min and sealed under vacuum with an oxygen
. :Orch (vii) The ampules are heated for periods of 24, 48, and 72 hr at 110°C.
Vi) After hydrolysis, the content of each ampule is removed quanti-
';;:ely, combined with 0.5 ml of 3.5N NaOH, and diluted to a final
Me of 1.5 ml. (ix) Duplicate aliquots of 0.25 ml are applied to
| | ong and short columns of a Beckman 121C amino acid analyzer.
e € amino acid data are plotted as a function of hydrolysis time. The
dilioge valués for three hydrolysis times, the values obtained by extrap-
‘de " to zero hydrolysis time, or the 72-hr data were used as con-
by ¢ appropriate. (xi) The amino acid composition data are compared

g Culating the difference indices as described by Metzger et al. (14)
.~ “'®kert and Dieckert (15).
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TABLE 1

DATA ON FOUR PREPARATIVE ELECTROPHORESIS EXPERIMENTS

Total protein

Total protein Extracted from gel (mg)
Experi- Electrophoresed
ment (mg/slab X slabs} P., P, Py Recovery ("7
I 1 x2 — 0.63 0.32 73
I 282 — 1.07 0.63 65
111 I X2 0.244 1.31 0.97 63.5
v Sx2 0.439 2.3 1.34 52.9

RESULTS AND DISCUSSION

The procedure for the isolation of the $2-45-45 coconut protein is
similar to that for cocosin as described by Khaund (16) and most likely
contains the same proteins. The SDS-electrophoresis pattern and quantita-
tive scan of the gel is shown in Fig. 3. The isolate is dominated by two
molecular weight classes of polypeptides with molecular weights of 30.000
and 19,000 as determined by SDS-gel electrophoresis. In addition. a smadl
amount of polypeptide with a molecular weight of 51,000 was present. The
polypeptides were labeled Pj, Py, and Ps,. respectively. The S2-45-45
isolate accounts for 27.69% of the total protein extracted from the coconut.

It is tempting to speculate that the Py, and Py polypeptides combine
to form a 49.000-dalton subunit in the native molecule. Integration ot‘t’hc
quantitative scan of the Coomassie blue-stained gel gives the relative
proportions of PPy to be 1:1.26. If they were present in exactly
equimolar amounts. the result should be 1:1.58. The difference in l_he
observed and expected relative proportions may be due to the inaccuracies
inherent in the molecular weight estimates or due to difficulties in scanning
Coomassie blue-stained gels, (17) or there might be a small amount of con
taminating protein which has a molecular weight of approximately 19.000-

During preparative electrophoresis, the pH of the upper eleclf?‘"
buffer, as well as the gel. will rise to as high as 10.5 to 11.0if the upPe?
reservoir buffer is not changed during the run. This was first obsery "
when a strong smell of ammonia was detected from the gel aftcfdc
run. Apparently, the pH had risen high enough to hydrolyze the ar;lt;de
groups of the polvacrylamide. In addition to this problgm. dls‘?jud
interchange was observed in certain polypeptides with cystine reS;‘-ghl"'
It seems likely that breaking of certain peptide bonds wh.xch are ':\.p
susceptible to basic hydrolysis could also take place. The mcreaserlasi“c
would also be expected to cleave some of the amides i.n the aSP“c
and glutamine residues of the proteins. This would introduce

. . jos were latef
heterogeneity and complex patterns if the purified pol)’Pept‘dgS "
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starting p
material

51 Pzg Pig

Fig. 4, Qualitative analysis of preparative electrophoresis Experiment [V (Table D.
Starting material s the S2-45-45 coconut isolate.

Checked for purity by a procedure such as isoelectric focusing.
_hangmg the upper reservoir buffer solves the problem, but a better soju-

ola ¢ Py and Py, bands are well separated with 5 mg of protein
" €ed on the gel. Even the P;; polypeptide is visible after chilling. There
Prot 0 problem in cgtting the polyacrylamide slabs befgre the SDS-
Bey €In complexes redissolved and disappeared. However, if a large num-

of bands s being removed from a complex pattern, this may be-
"chii]'a problem. It js possible to visualize the protein bands again by
v, Mg the gels without noticeable changes in the patterns, pro-

Peri € gels have not been left at room temperature for a long
od of time.
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TABLE 2

AMINO AciD COMPOSITION OF THE S2-45-45 COCONUT ISOLATE AND THE
19.,000- AND 30,000-DALTON POLYPEPTIDES

Protein isolate

Amino acid Pis Po Pis + Pao S2-45-45 Amol©
Lys 4.10 2.09 2.91 2.48 0.43
His 1.04 1.14 1.10 1.22 0.12
Arg 11.35 12.37 11.96 11.89 0.07
Trp 0.363 0.427 0.401 0.407 0.006
Asp 9.41 9.70 9.59 9.24 0.35
Thr 5.04 3.83 4.32 4.46 0.14
Ser 7.48 8.01 7.80 7.24 0.56
Glu 12.89 19.59 16.88 16.56 0.32
Pro 4.27 4.37 4.33 4.43 0.10
Gly 8.44 7.89 8.11 7.98 0.13
Ala 7.18 5.84 6.38 6.30 0.08
15-Cys 0.265 0.803 0.565 1.72 1.16
Val 7.65 6.18 6.77 6.74 0.03
Met 2.13 0.994 1.45 2.15 0.70
Ile 5.45 3.21 4.12 4.11 0.01
Leu 6.90 7.31 7.15 6.91 0.24
Tyr 2.62 2.44 2.51 2.55 0.04
Phe 3.43 3.81 3.66 3.53 0.13

D.L¢ 231

- —

a Difference index (D.1.) is calculated according to Metzger (11).

Table 1 summarizes the quantitative data from four electrophorglic
isolation experiments. One of the major problems of the preparative
electrophoresis technique is the extraction of the protein from the gel. In
these experiments, the recovery was 53-73%, and the yield decreased
as the amount of protein applied to the gel increased. Figure 4 shows the
result of the qualitative analysis of Experiment IV of Table 1.

The amino acid compositions of the S2-45-45 isolate, Pso, and Py, 2r¢
shown in Table 2. The Py, + Py data were computed by summing the
analysis of P, and Pj on a molar basis. Calculation of t_he dif-
ference index (D.1.) provides a means of comparing the amino aC}d com-
position of two proteins (14,15). The procedure is to eXpress the aminoac
composition of the two proteins as mole percent (mol%). Then use the
lowing formula to calculate the difference index:

D.1. = L3(Amol%).

. . e : . . indeX
If the two amino acid compositions are identical, the dlffe.renc;ci -
will be zero. However, if the two proteins have 1o .arqm(: 4 that -
common, the result will be 100. Our experience has indicaté
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difference index as high as 1.5 or 2.0 may be obtained due to experi-
mental error when duplicate analyses of the same proteins are conducted.
When the P, + P,, values are compared with the amino acid composi-
tion of the $2-45-45 isolate, a difference index of 2.31 is obtained. Upon
further inspection, it is noted that the largest deviation for any amino
acid is for cystine with a Amol% of 1.16. If the cystine data are
subtracted, the difference index drops to 1.73. This indicates that with the
exception of cystine it is possible to obtain reliable amino acid com-
position data, even with contaminants from the polyacrylamide gel present
during hydrolysis. One possible explanation for the large deviation in the
cystine values is that a contaminant from the polyacrylamide gels in-
creased the rate of destruction of cystine during hydrolysis.

When the proteins which had been extracted from acrylamide gels
were hydrolyzed and analyzed with the amino acid analyzer, a very
large ammonia peak was present. However, the procedure described in
this paper resulted in an ammonia peak which remained on scale and did
not result in peak spreading or the formation of a precipitate in the
heating coils of the amino acid analyzer as has been reported by those
who hydrolyze the polyacrylamide gel with the protein (6). Apparently,
soluble acrylamide from the gel was responsible for the ammonia peak.
We are now experimenting with a number of possible procedures for
the removal of this material from the extracted protein prior to hydrolysis.
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